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Cutimse Cleanljyf Cognposltions 
Background of the Invention 

a) Field of the Invention 

OSie invention relates to enzyratic cleaning cxirrpositions and methods 
for using them. Ku±icularly the invention relates to cleaning 
ocnpositions conprising a surfactant and a cutinase enzyme. 

b) Background Information 

A wide variety of enzymes are well }aiam for use in cleaning 
conpositions. Ihe use of £. subtillslns and B. licfaeniformis 
protease in canmercial preparations is qamman. Other enzymes have 
also been used In canmercial cleaning ccanpositlons sudi as, for 
exaicple, U.S. F&tent No. 4,011,169, and British' Patnet No. 
1,293,613. Also a oonprehensive review article of lipases in 
cleaning oactpositions can be found In Tn»7jtai of Applied 
Biochemistry , 2:218-229 (1980) in an article entitled "Lipases as 
Detergent Ccaiponents". Lipolytic detergent additives azB also ImMn 
from e.g., British Patent Specification No. 1,293,613 and Canadian 
Patent No. 835,343. 

U.S. Patent No. 3,950,277 and British Patent Specification No. 
1,442,418 disclose lipase enzymes coribined with an activator and 
calcivna anchor magnesixM ions, respectively, vMch are utilized to 
pre-soak soiled fabrics and to remove triglyceride stains and soils 
from polyester or polyester/cotton fabric blends, respectively. 
Suitable microbial lipases for use therein (apart fttara animal and 
plant derived lipases) are said to be those derived from Pseudoroanas . 
Aspercfillias , Pneumoooccus . Sta^jiylocoocus , and Staphyloooccug toxins . 
Myocbacterim tuberculosis , Mvcotorula litxplvtica , and Sderotinia . 
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British Batent Specification No, 1,372,034 discloses a 
detergent conposition ccatprising a bacterial lipase produced by 
Pseudaincanas stutzeri strain ATCC 19154. Porthertnorer'it'is" 
reccainaeaaed that the psefersed lipolytic enzyjo^ should have a pK - 
cptiiount between 6 and 10, and should be active in said range, ' 
preferably between 7 and 9, Around 1970, this presumed Pseadcananas 
stutzeri . strain was reclassified as Pseucfomonas aerucrinosa , as 
appears for exanple frcEia the KSCC catalogues. 

European Patent i^lication EP-A-0130064 discloses an enzymatic 

detergent additive carrprising a lipase is^ated f rem Rasariiro — - 

oxysponm with an alleged hi^ier lipolytic cleaning efficiency than 
. conventional lipases. 

In European Patent Application No. 0214761, Qizymatic detergent 
additives are described as the active ccDpcnent of vdiich is a 
Mcrcbially produced lipase frcza a strain of Pseudcroonas cepacia . . 
Ihe lipases described therein are daisied to be siperiar to the 
lipolytic detergent action of the prior art, especially at low 
teiiperatur^ washing processes (around 60'C and below) • 

Hi per ^tent ^{plication No* 87/00859 other novel lifolytic enzymes 
are described as having an optimal pH in the range of 8 - 10.5 at a 
teaperature of 60*C,or less frosa bacterial strains selected frcm 
feeudcatonas pseudoalcalioenes , P. stutzeri and Acinetcbacter 
calooaceticus . Ihese enzymes are described as particularly effective 
at lew tenperatures; i.e., 40*C or lower aid effective in both lifjiid 
and solid detergent oc a iipo s itibns. 

Also in U.S. Patent No. 3,950,277, it is described in general 
terms that lipases from Pseudotnonas are suited as agents for removal 
of oily stains frcm fabrics, if used together with a special gra^ of 
l^)ase activators. Ihe art cited does not,^ however, cover cutinase 
enzymes traai Pseudcgnonas or any other microbial source. However, \ 
prior art enzymes for xise in cleaiiing cocpositions, ^Aiile effective 
on maiy proteins and lipids, are not ccnpletely effective against all * 
. stains ccm m ui ily found in laundry and other cleaning plications. 
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Further, many lipases are not stabl at pH 8 - 11 ^ere most caeanlug 
ccBtpositicjns are vised. Even further, most enzymes for vise in 
cleaning ccirpositions are not very stable, if at all, under oddative 
conditions or in the preserioe of other enzymes such as proteaseso 

SUMMARy OF TOE INVEWTION 

AccordlJigly it has been discovered that combinations of a surfactant 
and a substantially pure microbial cutinase enzyme are effective 
ccarpositions for cleaning applications. The cutinase enzyme . - . . - 

preparations possess activity at pH of from about 8 and 11, eafiiibifc - - 
cleanirg activity In aqueous solution at concentrations fran about 
.05 mg/L to about 100 mg/L or iwre at tenperatures fran abcwt 20*C to 
about 50'. 

The enzynes are oxidatively stable and stable in the presence of 
other enzymes such as proteases. Even further, the cutlnases shew a 
synergistic effect v*ien a plurality of surfactants are used with the 
cutinase. 

Ihe invention also relates to the inproved process for enzymatically 
cleaning a material with an aqueous solution; the ijipxrvement 
ccBPnprising adding a substantially pure cutinase to the cleaning 
soliition. 

DEIMI^ nffsq pipriCN OF THE DIVEWnON 

i^licant has discovered that cutinase enzymes are useful vihen 
included in cleaning ccoaapositions. These ocnpositions may take on a 
variety of forms such as for laundry cleaning, hcusehold and 
industrial cleaning, and the liJce. The cleaning costpositions 
conprise ccsoRbinations of known surfactants and a microbial cutinase 
enzyme which can be vised to clean a wide variety of materials. The 
ccaoposition can be added to aqoeous solution or solid po^er, or 
fomxLated in an aqueous solution or solid powder and used according 
to conventional cleaning tech n iques. 
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Qxbinasds are well Icnown in the art and are available froa a vide 
variety of souro^a Ses Oi&imsas fscaa Fimgi and Pollen, P«E. 
KDlattukudy^^ pg, 472 - 504, inoorpcsrated herein by reference, for 
discussion of cutinases usefiol in the practice of the invention. A 
preferred cutlnase Is that cutinase isolated in a substantially pire 
form frcm Pseudomgnas putida > particularly the S» putida , MOC 53552, 
described in copending U.S. patent education. Serial Vo* 932,959 
filed Noveniber 19 , 1986 and Incorporated herein by reference, vftildi 
enzyme therefrcan has the following amino acid sequence: 
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Other sources of bacterial ani fungal oitinases include: 

Fusarlum solani pisl 
Fusarium roseum sambuelitum 
Fusarlum roseum culmorum 
HQlitdjithosDorum sativum 
ITLocladlum oonsortiale 
Streptomyoes scabies 
Qolletotrichum capslcl 
Hiytoprthora cactorum 
Bcatrvtls ciJierla 

Colletotrlchum aloeosporioides " ~* 

The cotinase of the Inventioti should preferably be selected to cause 
at least about 10%, and preferably 20%, hydrolysis of the given fat 
under given conditions. Honoally the amouzTt would be in a 
concentration of tran. about .01% to about 5.0% by vei^t of the 
surfactant/ and preferably frcan abcxct .05% to about 3%, such that 
xspan dilution in wash water it is in a concentration of at least 
about .OSmg/L. Further, one skilled in the art cculd tate the 
preferred cutinase or, for that matter, any cutinase of the invention 
or aixy iimnunlologically identical cutinase and vise randosa or 
selective r^lacetnent of amino acids to produce other cutinases 
are mbre or less selective tcward given substrates or include 
modification in activity sudi as oxidative stabili^. Substantially 
pure cutinase inclixtes the isolated enzyme as well as the broth 
ccntaining the enzyme in unpurif led form but essentially free of 
ctiier enzymes and enzyme sources. 

Hie natural substrate of cutinase is cutin vMch is a 
biopolyester polymer ^diich covers the plant leaves, fruits, etc., see 
Structure, BiosynQiesis and Blodegradation of CUtin and Suberin. 
(1981) > P.E. Kolattufcut^, Ann. Rev. Plant aysiol. , 32, pgs. 539-567. 
stains comprising lipids ^Ailch could be hydrolyzed or bound by 
cutiiiasa on a substrate such as doth wsuld be similar to the natural 
substrate cutin. Cutinase, for these types of stains, will be more 
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effective than the prior art lipases. Oie cutinases will work 
especially well on gravy^ oils and greases, plant or grass, oil based 
roakeip and collar stsiins. 

Cutinases are distinguishable frm other lipases ty methods well 
known in the art, See R.E. Purdy and P.E. Ktolattukudy, BioGhe^iistry, 
tiQitlnase Assay*", 14:2831-2840, (1975). Microbial cutinases fttaa 
both fungal and bacterial sources have very good activity at pH 8 - 
pH 11 Which is an ideal jH condition for detergent use. 

Byr'avtg^ of the specific activity of cutinases, it is a preferred 
aspect of the invention to combine one or inore other cutinases, or 
one or nore other enzynes, such as proteases, ainylases or other 
lipases, along with the cutinase of the invention in the cleaning 
ccnposition. Further, Applicant shows a synergistic increase in 
hydrolytic activity of cutinase \Aien two or more surfactants are 
ccrobined along with the cutinase enzyme. 

Cutinases then are ideal for cleaning ocnposition inclusion. Hiey 
have stability oKidativrf.y such as in H2O2. Ihey have good 
stability in a temperature range of from abcwt 20 - 50'C vfliich is 
ideal frcau a cleaning point of view. Ihey are also stable in the 
presence of other enzymes; e.g., proteases, and as such, are ideal 
for mixtures of enzymes. 

Hie Surfactant 

A number of kncswn ccaipounds are suitable surfactants useful in the 
present conpositions. Ibese include nonionic, anionic, caticnic, or 
rwitterionic detergents, as disclosed in U.S. 4,404,128 to Barry J. 
Anderson and U.S. 4,261,868 to Jiri Itora et al. The art is familiar 
with the different f onmilations \Aiich can be .used as cleaning 
ccnpositions. 
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Qitinases can be formulated as a purposefully added Ingredient into 
known powdered and liquid detergents having pH between 6o5 and 12.0 
at levels of about 0.01 to about S% (preferably .05 to .5%) ty wel^t 
of the detergent. Ihese detergent deahing ccnpositions can also 
incli^ other enzynies such as Icncwn proteases and arofflases, as well 
as bleacheSi^ colorants, buildersi and stabilizers. 

Ube cutinase of the invention nay be added to povdered 
detergents in the form of granulates or prills^ prepared by methods 
known in the art sucii as described in British fetent Nos. 1,324,116 
ani 1,362,365 and U.S. patent Nos. 3,519,570; 4,106^991 and 
4,242,219. 

TbB ^.Ttlr^f^ preparations of the invention can be prepared by 
cultivating the mi c r o organisms defined herein or otherwise cutinase 
containing micrborganism under appropriate conditions. In order to 
obtain reasonable yields of enzyme, media containing readily 
assimilable carbon and energy sources as necessary such as a nitrogen 
source, as wall as calcium and magnesivm salts and trace elements and 
' cutin, or moEnoaners of cutin, or conpounds resembling cutin or cutin 
laanGsoers. One could also obtain the gene for cutinan and express in 
any organism of choice vftiere one may not have to add cutin or cutin 
monosDers into the fermentation. 

Ihe adiition of cutinase to oanventional cleaning uuiipus itians does 
not create any special use limitation. Txt other words, any 
teaperature and pH suitable for detergent cGaipositions containing 
enzymes is also suitable for the present ccatpositions. 

Althoui^ the preferred form of the invention has been described 
above, it will be obvious to those skilled in the art to vMch the 
invention pertains, that,^ after understanding the invention and in 
view of the follcwlng testing as a \diole, various changes and 
equivalent modifications may be made without parting from the sccpe 
of the invention as defined by the claims. 
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STABILTIY CUTINASE AGAINST ITOTEASES 
Reaction conditions: 



Buffer: 0.1 M HaP, pH 10 
Tenp: 37'C 
Lipase: 42 



Afprcodmately 1:1 protease :ciitinase aqueous solution were made up 
with the following results. 

ENZYME Aci-ivriY 



Protease 

Incubatlcn Tline 0 loin 

None 1.57 

Maxacal (35ug/inl) 1.68 

Esperase 1.73 
(64 \JQ/nl) 



5 minf 10 min 15 min 14 hrs 
1.60 1.47 1.63 1.61 
1.58 1.72 1.66 0.134 
1.64 1.59 1.51 0.456 



l^odcal is Gist*Bnx:ade*s brand of subtillsin enzyme (protease) 
Esperase is Kovo's brand of protease enzyme (protease) 



1 
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TQIFERKIURE SIABILn^ OF BACIEBIAL CUmASE 

mTF TJFE M? SO'C 

^ Hrs. 

7 30 
© 25 

9 12 

10 0.3 

Enzyme was incubated a:t SO'C In O.IU sodium phosphate buffer at 
various pH^s and activity was measured by hydrolysis of trioctanoin 
in polyviii^l alcchol emulsions. 
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EFFECT OF EjBTERGENIS ON HYERDIASE ACTIVnY 



ppprrhion Conditions; 

substrate: p-nitro-phenyl twtyrate, Im (pnp) 
pH: 8.0 

buffer: O.lia tris pH 8.0 
teirperature: 25*C 

enzyme: bacterial cutijiase froa ATOC 53552 



An aqueous solution with the follcwijig vere made vp and the enzyme 
activity was measured in these soluticrs using pDp as a substrate by 
followljxr absorbanoe of p-nitrophenol at 410 nm. 

Triton xlOO% SDS % % Ac±ivitv 



0 


0 


100 


0.2 




78 


0.4 




60 




o.os 


30 




C.l 


23 




0.2 


14 




0.4 


6 


0.4 


0.4 


78 


0.2 


0.2 


98 


0.2 


0.05 


125 


0.2 


0.1 


138 
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6.1 0,1 130 

0.05 0,05 132 

1) Non-lmic detergent Inhibition is not significant at Iw 
cosncenttations . 

2) An ionic debergent Inhibitor at hic^ concentrations. 

3) Mixture of anionic and non-ionic detergents stimulate activity*' 
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STABILITY IDMARD OXHANIS 
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Cutlnase .5 nq/inl in O.lro sodium phosphate buffer, was Inaabatad with 
various levels of hydrogen peroxide at pH 8.4 and 25*C for 2 hcjurs, 
and t^diwlytic activity was measured iy a pH-stat using 
trioctanoim-polyvinyl alcohol emulsion. 



[H2O2 ppn] Hvdrolvtic Activity 
% RemainincT 

0 100 

100 .86 

200 86 

500 91 

loop • .95 
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1. An enzymatic cleaning ocnposition ocnprlsing 

a substantially pure mlcrcbial caxbinase in an amsunt sufficient 
that upon dilution in an aqueous solution for tise there is 
sufficient cutinase to achieve a oonoentration of from abcxit ,05 
mg/L to about 100 mg/L of cutinase- 

2* A ccanposition aooording to CLaim 1 ^Axerein the cutinase is the 
cutinase present- in an aiccunt of froa about 0.01% to about 5% by 
wei^t of the surfactant. 

3. A ccnpositicn aooording to Claim 2.vjiierein the Pseudaionas 
putlda is AK3C S3552. 

4. A ocnposition according to aaiin I vMdi further caqprises csnB 
or more enzymes selected fron lipases, an^lases or proteases. 

5» A cccpositicn according to dadm 1 ^dierein the cutinase selected 
is capable of causing at least 10% hydrolysis of a cutin or 
cutin-iUJce substrate desirous of being cleaned frca a given 
surface, . . - - 

6. A cagrpoRitich according to dedrn 1 wherein the cutinase is a 
non-naturally occurring cutinase having at least one amino acid 
randonly or selectively replaced by an amino acid not naturally 
found at that position* 

SUBSTITUTE SHEET 

06/30/2003, 'EAST Version: 1.03.0002 



wo 88/09367 PCT/US88/01844 

7. A ooiposition aocordiJig to aala 1 wherein the aitlrase is added 
in the form of cell fermentation broth containing cutlnase twt 
essentially free of other enzymes or enzyme souroes. 

8. An enzymatic cleaning additive vAierein the active ocstponent 
which is a substantially pure micrcbially produced cutlnase. 

9. A ocnposition aooordir^ to Claim 8 vMch further ocnprises one 
or more enzymes selected frcm lipases, anylases or proteases. 

10. A ccnposition according to aalm 8 ccnprisijig a plurality of 
surfactants. 

U. A ooiposition acoording to aaim 10 vdierein the surfactants are 
SDS and Ititcai X-100. 

12. An iaproved method for enzyinatically deanljig a material haviiig 
a cutln or cutln-13ce stain ccnprlsing: 

a) selecting a cutinase enzyne; 

b) forming an aqueous solution with said enzyme in a 
conoentration of ftan about 0,05 mg/L to about 100 mg/L; 

o) ocntacting the material with the solution of step b) ; and 
d) rinsing the material of step c) . 

13, A method aooordiiig to Claim 12 vjherein the aqueous solution 
further ocanprises a surfactant ocaapatlble with the selected 
cutinase. 
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14. A method aooordir^ to Claim 13 wherein the aquecus solution 

airther oonprises a surfactant oanpatlble with the selected 
cutinase. 
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